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' ment of Godfrey'' s ^adrant, and (poke to Air. Grant as foUoivs: 
^ I am forry, I am obliged to go out of town to morrow, as I 
' could wiflj to have fome further converfation on this fubjeSl ; hut 
' there is a gentleman of this city, the Rev Mr. Ewing, ivho 
' fome time ago mentioned to me an improvement of a fimilar nature, 
' 'ix- hich he had made, and I believe he has engaged a workman to 
' finifh a ^.adrant for him, on the plan he has projeSled. Are 
' ycu acquainted with Mr. E%ving ? If not, I will bring you to- 
' gether, for I would wifJo you to compare your fchemes, and to 
' have a con erence with each other. Mr. Grant expreffed his 
* defre te be acquainted with Mr. Ewtng, and I accordingly in- 
' tr educed them to each other, before I went on my journey 

WILLIAM SMITH." 
'To the Rev. Mr. Ewing, 

These things 1 have mentioned not from a folicitude about 
the invention, but to {hew, that, what has often been fuppofed 
probable in affairs of this nature, has adluaily taken place in 
the prefent inftance-, that men at the dillance of many thoufand 
miles might fall nearly upon the fame inventions, about the 
fame time, without any previous correlpondence or acquaint- 
ance with each other. J. E. 



An ESSAT on the Ufe of COMET'S, and an Account of their 
Luminous Appearance ; together with fome Conjectures 
concerning the Origin of HEAT. 

By HUGH WILLIAMSON, M. D 

Read before the Society, Nov. i6th, 1770. 

ACOiVtET is a folid dark body revolving round the Sun 
in dated periods, receiving light and heat from the Sun. 
Comets revolve as other planets do in an ellipfis, one part of 
which is much farther from the Sun than another-, fome of them 
are very eccentric ; that which appeared Anno 1680 was twelve 
thoufand millions ot miles from the Sun in aphelio, it was not 
half a million in perihelio. The period of the Comet which 
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appeared Anno 1758 is 75-years. That of 1661 is 120 years. 
And thai of 1680 is 575 years. Though Comets doubtlefs 
move in an dlipfis, yet from the extreme length of their path, 
the fmali part that falls under our obfcrvation, the difficulty in 
determining the Comet's abfolute diftance or velocity, &c. we 
have obtained no certainty concerning the period of any Comet 
except the three I have rnentioned, nor fhall we ever determine 
their periods in all probability, except by a feries of obferva- 
tions on the return of each particular Comet, which may 
require feveral thoufands of years. 

Comets receive their light and heat from the Sun, for they 
appear to have no light of their own, and are thence Invifibie, 
except on their near approach to the Sun. In the year 1723, 
an Aftronomer had the fortune to difcover a Comet by means 
ot his telefcope before it was bright enough to become vifibie 
by the naked eye. The great Comet wliich appeared Anno 
1743 feemed no larger than a ftar of the fourth magnitude v/hen 
fiill difcovered i as it came down towards the Sun it acquired 
a tail, and increafed gradually in fizc and luftre till it obtamed 
that amazing form with which it terrified half the world. As 
this Cornet departed from the Sun, its tail decreafed, it loll- 
its brightnefs, till in a fhort time it became invifibie ; this has 
alfo been the fate of every other Comet -, hence it is plain that 
their light, like that of other planets, is borrowed from theSun. 

Having juft menti'^ned thofc general propefties in which 
Comets evidently agree with other planets, 1 fhal! now try to 
account for that luminous tr&in which attends them on their 
approach to the Sun, iiom v^'hicii they are generally deno- 
minated Blazing Stars, and are (uppofcd to differ elTcntially 
from every other planet or ftar. It 1 fhould be fingular in any 
part of my ojjinion on this fu'jecl:, I prelume I fhal! be in- 
dulged, fincc it is matter of mere hypotb.fis. 

Comets are not Blazing Stars, they do not burn at all, nor 
is there any remarkable heat in that tail which has fo often 
terrified the nations, and been thought to portend diflbluiion 
to the world itfeif. The Comet of 1743 had acquired a tail 
fome thoufands of miles long above two months before he 
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•paffed the Sun, while he was yet three hundred millions of 
miles from the Sun. Surely this could not be a flame of fire 
kindled by the Sun, elfe Comets take fire in a place where 
every drop of water on this globe would inllantly freeze. 
There is no greater rcafon to think that Comets burn by their 
own heat, fince their tail, whatever it be, as well as their 
light, evidently depends on the Sun, as we have already 
explained. 

Philosophers have differed greatly in their attempts to ac- 
count for the tail of a Comet. One imagines that Comets are 
furrouiided on all fides by a lucid fiery vapour, or atmofphcrt\ 
which on account of the Sun's fuperior light, is only vifible in 
the dark, whence we fee no part of it but that which is in the 
fliadow of the Comet on the fide oppofue to the Sun. Accord- 
ing to him their atmo'phere extends in all direftions feventy or 
eighty millions of miles, ibr fome Comets have appeared with 
a tail of that length, fo that from the near approach of Comets 
to the earth we muft frequently have been enveloped in that 
fame lucid atmolphere. 

From the extreme vicifTitudes v/hich Comets feem to endure, 
at one time penetrated with intolerable cold, at another time 
blazing with deftrudivc heat, fome have irreverently con- 
jectured that they v/ere deligncd as a place of future refidencc 
for the unhappy tranfgrefibrs in t!iis (late, and thus vainly 
fuppofe that fifty or an huncired worlds were created for the 
fake of punifning the inhabitants of this little globe. It is 
fufficient to have mentioned fuch conjcdures. 

The great Sir Ifaac Newton was of opinion, that Comets 
were defigncd, among other ])urpofe3, to nourifii and refrefh 
this earth and all the neighbouring planets. He imagined that 
by vegetation and puirchiftion, a great deal of radical moifture 
is confumed or changed into earth •, that the tail of a Comet is 
a thick vapour exhaled from the Comet by the heat of the Sun, 
which vapour is fcattcred through the planetary regions, anci 
part of it being received within our atmofphere, occafionilly 
fupplies our lofs of rooillure. 

Whatever 
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Whatever properties have been afcrlbed to heat, it (eems 
very clear that evaporation cannot be performed unlefs by 
means of an atmofphere whereby the fluid is attracted, fuf- 
pended and carried ofF. Therefore if we fuppofe that the earth 
and all the Planets, are lupplied with radical moifture from 
the Comets, we mud alfo fuppofe, that the folar fyliiem is 
univerfally filled >vith an atmofphere fufficient for aaradling 
and fufpt-nding fluids, which hypotliefis would certainly 
defliroy our prefent fyflem of Allronomy. Befidcs this we 
may obferve, that from the rnofh accurate chymical analyfis, 
there items great reafon to believe, that all the apparent 
changes in matter depend on combination and loluiion alone. 
That water may be combined with earth and again feparated 
from it ; but, that fince the Creation, this Globe has not 
fuftaincd the abfolute iofs of one ounce of water, or gained 
one ounce of earth. Therefore we do not require any nourilh- 
ment from the vapour or Comets, 

I SEE no reafon to doubt that Comets were created like this 
world, to be the refidence of intelligent beings; fome of them 
no doubt which travel to immenfe diltances through the 
Heavens, may be inhabited by an order of beings, greatly fape- 
rior to this fhort-lived race of mortals, and mucii better fitted 
for comprehending and admiring the works of their divine 
original, which they behold m greater perfedion. One of the 
primary ideas we form of the Supreme Being is, that he is the 
fource of life, intelligence and happinefs, and delights to com- 
municate them ; the earth we tread, tJie water we drink, and 
the very air in which we breathe, fvvarm with living creatures, 
all fitted to their feveral habitations. Are we to fuppofe that 
this little globe is the only animated part of the Creation, 
while the Comets, many of which are larger worlds, and run a 
nobler courfe, are an idle chaos, formed tor the fole purpofe of 
being frozen and burnt in turns. We cannot admit the 
thought ; the Comets art doubtlcfs inhabited. The great vi- 
ciflitudes of climate, is the only piaufible obieftion that has 
been made to this opinion. The Comet of 1680 came within 
one hundred thoufand miles of the Suni but the Sun's whole 
diameter is more than leven hundred thoufand miles. 'I'he 
Comfit's heat was then fuppoicd to tiave been two thoufand 

times 
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times hotter than red hot iron ; but the fame Comet was about 
twelve thoufand millions of miles from the Sun, at his greateft 
diftance, when it is fuppofed, that he perceived ten thoufand 
times lefs heat than we ufually enjoy. Hence it is fuppofed, 
thatfuch a Planet could never afford a comfortable refidence 
for rational creatures. 

But here philofophers have taken for granted that the heat 
of evt;ry body is inveri'ely as the fquare of its diftance from the 
Sun, a propofition which I greatly fufpeft ; for I apprehend 
that it is contrary to experiment. 

Were heat a certain body proceeding immediately fromi th'e 
Sun, the quantity of heat in any fpace would doubtlefs be in- 
verfcly as the fquare of its diftance from the Sun. But I fee no 
reafon to believe that Heat comes fiom the Sun, while there 
is much reafon to think that it does not. We perceive that 
Light comes from the Sun. We alio perceive that Heat is 
produced in the bodies on which the rays of light fall, hence 
we are apt to confound Light and Heat together, though it be 
demonftrable that Light is not Heat and that Heat is not 
Light. So contraded is our knowledge of the primary con- 
fiituent parts of bodies, that we cannot readily determine why 
any particular caufe fhould not excite Heat with equal facility 
in all bodies. But we are taught by experience that different 
quantities arc produced by the fame cauie, according to the 
medium on which it operates. It alfo appears that the>parti- 
cuiar aptitude of any body to be heated is nearly as the 
elafticity of that body, or the cohefion of its parts. Whatever 
produces a tremulous moiioii in the particles of any body, 
excites Heat in that body, and vice verfa whatever excites Heat 
produces a tremulous motion in the j^articles of the body. 
Does Heat therefore confift in nothing elie than the rapid vi- 
brations ot the minute particles of any body } or is there an 
elementary principle of fire diffufed through all bodies, which is 
only excited or brought into aftion by any caufe which pro- 
duces a tremulous motion in ihe particles of ihofe bodies > Tiie 
latter feems mojf probable, though in folving the prefent hy- 
pothefis there is no difference whether Heat depends on the 
fimple vibration of the particles of matter, or whether it de- 
pends 
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pends on the fire which was only brought into action by the 
vibration of thofe particles, provided it Aould appear that the 
Heat in every body is uniformly as the vibratory motion of 
the particles of that body. — This I apprehend is the cafe, and 
fhall beg leave to mention fuch evidence as feems to render 
the matter at leaft very probable. 

Philosophers have enmnerated five methods by which Heat 
is generated, viz. r, by attrition, 2, chymical mixture, 3, fer- 
mentation, 4, inflammation, and 5, by the Sun. In all thefe 
cafes it appears that the Heat depends on a vibratory motion 
which by one means or another is excited in the particles of the 
body. 

1. Heat is produced by attrition, or by the ftriking or 
rubbing of one body againft another. In thi<^ cafe there caa 
be no doubt that the Heat depends on the vibratory motion of 
the particles, hence bodies are Iboneft heated where the friftion 
is confiderable, provided the bodies have alfo a proper degree 
of elafticity. For the motion once communicated to the par- 
ticles of an claftic body, are retained a confiderable time, 
and increafed by every fucceeding fl:roke of the caufc which put 
them into motion. The quantity of Heat produced in anybody 
by friftion, depends greatly on the body being fit to prefcrve 
the motion once communicated. Thus a faw fixed in a hand- 
vice fo that it may long retain its tremulous motion, will foon 
be heated, whilft the file with which it is rubbed is not foon 
heated, being held in the foft unelaftic hand, whereby the 
vibratory tnotion of its particles are immediately deftroyed. 
The facility with which fome bodies arc heated before others, 
and with which the fame body may be heated in one pofition 
rather than in another, abundantly prove that the quantity of 
Heat produced in any body by friflion will not be as the mo- 
tion comnumicated, but as the ftrokes communicated, together 
with the number of vibrations retained and communicated in 
confequence of each ftroke. 

2. The Heat which is produced by chymical mixture has 
been the fubjeft of much fpeculation. — There are fundry bodies 
which joined together produce confiderable Heat, as water 
with oil of vitriol ; others produce cold, as fait of nitre with 

water. 
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water. Why (houki one union pcoddce heat the other oold ? It 
appears in general that all mixtures, properly ib called, produce 
heat, all lolutions produce cold. But in every mixture the 
bodies undergo a certain change in their qualities, v/hcreas bo 
dies undergo no change by folucion. This may point out to 
us the true origin of heat in one cafe, and cold in the other. 
When two bodits have an attraftion to one another, and the 
pores oi the one body are lo conltituted as that rhe minute 
particles or atoinr, of the other body may penetrate into them, 
a general diflcKition of the conftituent pares ot" the body mufl. 
enfiie, the minute particlejs being rent afunder by the attrac- 
tive force of the parts ;fuch diiiblution of the conitituent parts 
of a body neceff^rily alters the qualities of that body. We may 
eafily perceive that in the rapid union of luch bodies by which 
the minuteft particles are rent afunder, the vibratory motion 
of thofe parts muft be greatly increafeu. Hence the genera- 
tion of heat by mixtures. Hence too the heat in fuch mix- 
tures, feems to be in proportion to the number of particles, 
which in any body of a determined bulk, ruftiinto union with 
and deftroy the texture of one another. 

In folutions or cooling combinations no change is produced 
in the qualities of the bodies. Thus by a folution of nitre 
in water cold is produced, and the fait may be depofued from 
the water, or the water be evaporated, and neither of the bo- 
dies undergo the leaft change. In this cafe it appears, that 
there is no diffolution of the conftituent parts of either body, 
by the attraftive force of the other, or by the conftruftion of 
their parts ; but that the globules of one body adhere fuper- 
ficially to ihofc of the other, and the particles of the fluid 
are fimplv charged with thofe of the fulid, by which means 
the vibratory motion of the particles is diminilhed, whence 
cold is neceffarily produced. 

It has been obferved that fpirit of nitre mixed with water 
produces heat, while the fame fpirit mixed with fnow produces 
the moft intenfe cold. This may be probably urged as an 
objeftion to the above theory of heating and cooling combina- 
tions, under the apprehenfion that fnow being nothing elfe 
than frozen water, fliould on thefe principles produce the fame 

o e efFeds, 
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efFefts, on combination with any third body. But it muft be 
obferved, that one is a mixture, the other a folution. Water 
jomed with fpirit of nitre produces a mixture, the bodies un- 
dergo a change of qualities, and heat is generated. Pour the 
fpirits of nitre into fnow and nothing will follow, at leaft no- 
thing has followed but a folution of the fnow in the fpirit. 
For thefe experiments have always been made when the tem- 
perature of the fpirits was much below the freezing point of 
water, fo that the fnow could not be melted by fuch com- 
bination. Hence there being no intimate union of the parts, 
nor any thing elfe than a proper folution, cold was generated 
as in all fimilar cafes. 

3. Heat produced by fermentation or putrefaftion, may be 
accounted for in the fame manner as that produced by chymical 
mixture, there being no doubt that new mixtures are conftantly 
forming in every putrefcent or fermenting body. 

4. Heat which is produced, by inflammation f-ems alfo 
to depend on the chymical mixture of bodies. In all bodies 
which blaze there is found an acid and mephytic air, which 
feem to abound in thofe bodies in proportion to their different 
degrees of inflammability. The feparation of thefe two bodies 
conftitutes a flame -, this we obferve can only be eff^edted by 
means of a third body, viz. common air. 1 he union of the 
acid with the water that is fufpended in the air, and the union 
of the mephytic with the common air, produces two heating 
mixtures. Hence Heat is excited by ftame. 

5. Heat is produced by the Sun : Does that Heat pro- 
ceed immediately from the fun, as is generally fuppofcd, or is 
it mechanically excited by the aftion of the rays of light ? 
The latter is moft probable. We have feen a variety of me- 
thods by which Heat is produced. They appear in difl'erent 
forms, but they all terminate in the fame thing •, they are 
different methods of exciting a tremulous motion in the par- 
ticles of the body. By fome^ of them the moft intenfe Heat 
is produced, and )et in no cafe is there any actual addition of 
fire. When Heat is excited by the Sun, there is alio a tre- 
mulous motion excited in the particles of the body, they are 

expanded^ 
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expanded, ^c. The phenomena refemble thofe of Heat ex- 
cited by other means, whence it fecms unphilofophic to fup- 
pofe that there fliould be an acceffion of fire in this cafe more 
than in the others. I therefore fuppofe thzt all the heat which 
is caufed by the Sun, depends on a tremulous motion excited by the 
rays of light, in the particles of the body which is heated. Hence 
it will follow that the heat of any body will net be according to its 
diflance from the Sun, but according to the fitnefs of that body, to 
retain and propagate the feveral vibrations which are communicated 
to its particles by the rays of light. Hence it is that the air which 
is very elaftic, when well compreflfed by the weight of the 
incumbent atmofphere, will receive a great degree of Heat 
near the furface of the earth, while the light thin air whofe 
particles are removed to a confiderable diftance, as on the top 
of a high mountain, is always in a freezing ftate within the 
torrid zone. 

Let us fee how this theory of the generation of Heat may 
be fubfervient to the inhabitants of the Cometary worlds. 

It is evident that Comets are furrounded with an atmofphere 
very different from that of our globe ; the heighth oi our 
atmofphere is hardly fuppofed to exceed 60 or 70 miles, while 
that of a Comet is frequently 8 or 10,000 miles. Why fliould 
they have fuch a weight of atmofphere more than us ? This 
is doubtlefs fubfervient to fome very extraordinary purpofe. 
We may alfo fuppofe with great probability, that the atmofphere 
of aComet differs greatly from ours. The particles may be fmaller, 
more fubtile, elaltic, and much more eafily heated, whence 
the Sun's rays may be enabled to warm fuch an atmofphere 
compreffed together by the weight of eight or ten thoufand 
mile?, at a diftance from the Sun, in which we fliould perceive 
the moft inteiife cold. This will explain the manner in which 
the inhabitants of a Comet may be fufficiently warm at their 
greateft diftance from the Sun ; but if they were proportion- 
ably heated on their neareft approach to the Sun, their fum- 
mer heats would be intolerable •, but this muft certainly be the 
cafe it their atmofpliere were in a permanent ftate, and con- 
tinued in all feafons of equal denfity and weight. We are cer- 
tain however from obfervation, that this is not the cafe ; for 
as the Comet approaches the Sun, we can eafily perceive its at- 
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mofphere greatly rarify'd, and thence rendered lefs fit for gene- 
rating or retaining heat. But this is not the principal relief \*hich 
Cometarians receive from the fummcr's Heat. The atmofphcre 
of a Comet feems to undergo a change which is peculiar to 
itfelf It is removed by the rays of light, and thrown ofrco a 
confuierable diflance behind the planet. It is demonltrable 
that the rays of light pafs with amazing ve ocity, they travel 
above thirteen millions of miles in a minute j fuch amazing 
velocity multiplied into their weight, however fmall they be, 
muft give them a confiderale momentum or impellitig force, 
which muft be great in regions near the Sun-, by this force they 
repel the extremely tubcile and light particles of air, and drive 
them oft to fuch a diftance behind the Comet that their weight 
is hardly perceived on its furface. The atmofphcre being thus 
repelled by the Sun's rays, and thrown as it were into a 
fheiter behind the planet, will be there extended longieu- 
dinailv in the form of a fhadow, being very rare towards the 
top. Every panicle near the furface ot this immenfc ftream 
of air muft be illuminated by the refradlion and reftedtion of 
the Sun's rays, whence they will exhibit the faint appearance 
of a blaze. Thus we are apt to imagine that a Comet is 
intenfcly hot, and that a prodigious tlamc proceeds from it, 
while we fee nothing el fe than its enlightened atmofphcre. 

As the inhabitants of Comets are not preffed by day, when 
they come near the fun, with a thoulandth part ot the atmo- 
fphcre which ufuaily furrounds them, and which is doubtlefs 
the mediate and principal caufe of their perceiving Heat, we 
may eafily fee how they may be tolerably cool at noon day, on 
their nearcft approach to the Sun. 

If we might form any conjeAure concerning the life of a 
Cometarian, from the annual periods of the world which he 
inhabits, we fhould apprehend that he far exceeds the years of 
an antedeluvian. Or might we attempt to meai'ure the con- 
tinuance of this globe, from the lengih of time which will be 
neceffary to bring the aftronomy of Comets, as well as every 
Other fcience to chat perfedion at which they muft doubtlefs 
arrive, we Ihould inter that a fmall portion of that time is yet 
elapfcd. On which ever of thefe fubjefts the mind is fuffercd 
to dray for a few minutes, it will find fufficient fubjcCl of 
pleafing fpcculation, A 



